The ability of marshes and forested wetlands to provide environmental services (water retention in soil and carbon storage) was evaluated at three locations along the coast of Veracruz, Mexico. Hydro-periods were obtained for the different vegetation communities of marshes and forested wetlands. Total organic carbon contents were 26.2% in Pachira swamp, 23.1% in Ficus swamp and 11.2% in marsh soils. The largest values of hydraulically active pore space were observed for marshes (0.79 cm 3 cm -3 ), and the lowest in forested wetlands (0.57 cm 3 cm -3 ). Soil water holding capacity ranged from 556 to 834 L m -2 for swamp areas and from 687 to 880 L m -2 for marshes. The thickness of soil organic layers in the wetland studied had a major control on soil water storage. This suggests that a vast amount of rain water could be retained in the soil. The results indicate that both swamps and marshes play important roles in their capacities to retain water and sequester carbon, although there were no significant differences among them.
INTRODUCTION
Humans have long been attracted to the wide array of natural resources provided by coasts, making them favoured locations for habitation (Culliton et al. 1990, Miller and Hadley 2005) . Coastal areas have been centres of human activity for millennia and, to date, there are 4206 ports in 195 countries around the world (http://www.worldportsource.com), the majority of them established in areas susceptible to flooding. Coasts also contain numerous ecosystems; among these are different types of wetlands ranging from freshwater to hypersaline and dominated either by herbs, shrubs or trees.
Wetlands are fragile ecotones between terrestrial and aquatic habitats; yet they are among the most productive ecosystems in the world (Whittaker and Likens 1973) . They also provide numerous benefits to human civilizations, including sustaining biodiversity, carbon sequestration, and high water retention that help mitigate inundations and improve the water quality of rivers and lakes. Nevertheless, the value of these services has not always been recognised as positive, and many wetland areas have been drained or otherwise degraded (Euliss et al. 2006) .
Four of the functions performed by wetlands stand out as having global significance and value as "ecosystem services": biodiversity support, water quality improvement, flood abatement and carbon management (Greeson et al. 1979, Zedler and Kercher 2005) . Wetlands have been described as the kidneys of the landscape, as they cleanse polluted water and play an important role in chemical cycling (Mitsch and Gosselink 2000) . A review of data from 57 wetlands from around the world showed a reduction in nutrient loading, with swamps and marshes being more efficient than riparian zones (Fisher and Acreman 2004) . The economic and social costs associated with flood damage have risen considerably over the past 100 years, owing in large part to increased agricultural and urban encroachment into floodplains (MEA 2005, Zedler and Kercher 2005) , as well as to the transformation of wetlands into cattle-grazing pastures, which reduces the water retention capacity of soils (Travieso-Bello et al. 2005) .
Wetlands store vast quantities of carbon (C), especially in their soils, and they are the largest component (up to 71%) of the terrestrial biological C pool, storing as much as 535 Gt (gigaton) C (Mitra et al. 2005) .
Hurricanes and tropical storms are frequent events in tropical areas. Each year, the Gulf of Mexico-a densely populated area with important economic infrastructure for oil production-suffers the impacts of strong winds, storm surges and flooding from rivers. Coastal wetlands and dunes provide vital protection against storms and hurricanes by wave attenuation and water velocity reduction. Batker et al. (2010) discuss the flood protection value of brackish and freshwater wetlands in the Mississippi Delta, and consider it unique in the provision of flood protection in North America, in both water quantity and the vastness of area served.
The hydrological condition of wetlands is the primary factor involved in their formation and maintenance (Zedler and Kercher 2005) . Evaluation of the hydrological functions of wetland soils requires quantification of their water-related physical properties, such as water retention capacity and water level fluctuations, among others. Properties such as the water holding capacity and hydraulic conductivity are important variables in wetland hydrological studies, and more research into these properties will help improve the understanding of both water dynamics and substance transport through the soil . Soil water retention curves describe the relationship between soil water content and the soil water potential, which is a distinctive characteristic of different conditions and soil types (Gnatowski et al. 2010) .
Most studies on coastal freshwater wetlands have emphasized vegetation. Hydrology and water chemistry are two of the fundamental processes involved in wetland functions, yet research into these areas is scarce. There are only two published studies on wetland hydrology in Mexico, and only one of them concerns the coastal plain of Veracruz. Yetter (2004) analysed the water balance for two herbaceous freshwater wetlands and found that the hydrology of both was dominated by groundwater. Groundwater discharge comprised 76% of the total water input to these wetlands; precipitation accounted for 19% and surface runoff was responsible for 5%. Precipitation and surface water inputs occurred almost exclusively during the rainy season (June-October), making groundwater the only input of water to these wetlands during the dry season (November-May). Groundwater accounted for 68% of the water loss from the wetlands, whereas evapotranspiration made up the remaining 32%. Losses via groundwater were highest at the end of the dry season, coincidental with rising temperatures and increased evaporation, which led to reduced soil moisture and a lower water level. The use of stable isotopes ( 18 0 and 2 H) and tritium data indicated that groundwater from both local and regional flow systems was discharging into the herbaceous wetlands (Yetter 2004) .
The wetlands of Mexico are mainly coastal and these areas are among the most transformed ecosystems in the country. For example, the coastal wetlands in the Mexican state of Veracruz are threatened mainly by cattle ranching, petrochemical activities and urbanization. Natural freshwater wetlands are becoming rare as a result of the impact of human activities (Moreno-Casasola 2008); most freshwater wetlands show significant changes in their ecology, mainly in relation to species composition, invasion of exotic species, siltation, pollution and hydrological regime (Travieso-Bello et al. 2005 , López Rosas et al. 2006 , Escutia-Lara et al. 2009 , Moreno-Casasola et al. 2009 ). This has resulted in high costs-in both lives and economic welfare-for local communities, mainly through increased flooding, decreased soil productivity and increased pollution by agrochemicals.
The economic value of the ecosystem services provided by wetlands has been quantified for some regions of the world. For example, freshwater Terminalia carolinensis forested wetlands of Micronesia provide a gross annual income of US$ 2 460 000 for wetland-dependent crops, goods and services, as well as US$ 660 000 for fish and wildlife caught, and US$ 40 000 for canoes constructed (Drew et al. 2005) . In Aceh Province on the island of Sumatra, peat swamps appear to have inhibited the landward approach of the December 2004 tsunami (Cochard et al. 2008) . In Sarawak, Malaysia, more than 70 000 people obtain their water for domestic needs from peat swamps (Silvius and Giesen 1996) . The Paraguay-Paraná waterway project (Hidrovia), conceived to improve year-round navigation between Brazil and Uruguay, would drastically alter the river system and affect the Pantanal, which is one of the world's largest freshwater wetlands. Bucher and Huszar (1995) concluded that the environmental costs of the project may exceed the benefits, and would negatively impact on biodiversity and the regulation of downstream flows. In the Gulf of Mexico, Batker et al. (2010) reported, in a recent review, that the Mississippi River Delta ecosystems provide at least US$ 12-47 billion in annual benefits, and that such vast natural assets provide a basis for national employment and economic productivity.
Considerable effort has been made to study mangroves in both Mexico and the tropics, and to evaluate their economic benefits. The literature on this subject is abundant. Research themes have included vegetation structure and functions, eco-physiology, soils and environmental services (see Spalding et al. 2010) . In many tropical regions, freshwater forested wetlands supply essential freshwater inputs to mangrove forests located downslope (Ewel 2010) , but the functions and environmental services of these wetlands have not been taken into account in mangrove valuation.
The objective of the present study was to analyse the differences between two types of tropical freshwater wetlands (marshes and forested wetlands), with emphasis placed on the subjects of soil water retention and hydraulic conductivity, as well as carbon storage. Our goals were to increase the social awareness of the wetlands, and to gather reliable data to support their conservation and restoration. We hypothesized that both wetland types are important providers of these environmental services, and that forested wetlands would play a more important role than marshes because they have higher levels of biomass production (Brinson et al. 1981 , Moreno-Casasola unpublished data) that allows them to accumulate more organic material, thereby modifying soil porosity and the organic component.
METHODOLOGIES

Study sites
The study sites are located in the central region of the state of Veracruz, Mexico, bordering the Gulf of Mexico (Table 1) . They comprise part of a network of coastal wetlands on the lowlands of three different-sized basins, just upslope from mangrove forests (Fig. 1 ). The study sites experience similar climatic conditions, but differ in their geomorphology.
Cienaga del Fuerte
Cienaga is the most extensive forest-dominated wetland in Veracruz, and part of it constitutes a natural protected area. Marshes occupy a small area of Cienaga.
Estero Dulce
Estero Dulce is a few kilometres to the south of Cienaga (see Fig. 1 ); it is very rich in wildlife (mainly birds), and has more permanent contact with brackish water.
Boquilla de Oro
Boquilla is a very small wetland (≈2 ha) in which forested wetland and marsh each occupy about half of the area.
In general, these wetlands, especially the swamps, represent the remains of a more widely-distributed wetland mosaic that has been transformed into pasture.
Vegetation
Vegetation sampling was carried out at the three study sites using 10 × 10 m plots (swamps) and 2 × 2 m plots (marshes). Sites are identified as swamps and marshes as follows: Table 1 Description of the location and main environmental characteristics of the three study sites. Climate nomenclature is based on Köeppen system modified by García (1981) . Soils follow FAO soil nomenclature. Basin size and length of perennial water currents give an idea of the relation between the coastal freshwater wetlands and the watershed. Analysis was carried out on a total of 36 plots in swamps (16 at Site A and 10 each at sites B and C) and 40 plots in herbaceous wetlands (10 per site D-G). Species cover was measured using the Westhoff and van der Maarel (1978) cover-abundance scale. We constructed a matrix using cover-abundance data per species and per sample. Importance values were determined using the mid-point of each interval on the cover-abundance scale and the frequency data per species per site. Data for relative cover and relative frequency of each species per plot were added together, and the resulting sum was divided by two to determine the relative importance value (RIV) for each plant species (modified from Brower et al. 1998 ).
Water levels
Water level was measured using water wells (minipiezometers) made from PVC pipes measuring 13 mm in diameter and 3 m in length. Twenty centimetres at the end of the PVC pipe were slotted at 2-cm intervals and wrapped with fine nylon mesh, held into place with stainless steel wire. The end of each mini-piezometer was closed, allowing water flow inside the piezometers through the fine mesh. Six to eight piezometers were installed per vegetation type at each site, corresponding to the vegetation plotsexcept for Boquilla sedge (Site E), where only one water well was available. Water level was measured bimonthly (Solinst ® water-level meter) and recorded above sediment surface (i.e. not referred to a common datum)
Soils
Soils were analysed, as well as vegetation, at all sites (except Site D). At each site, a pit measuring 1 m in length, depth and width was excavated to investigate the morphological characteristics of the soils. Three intact horizontal soil cores (6.3 cm wide by 1 cm high) were taken in each horizon to analyse water retention; another three replicate soil cores (6.3 cm wide by 4.5 cm high) were taken in each horizon to analyse soil bulk density. Dry bulk density was obtained after drying samples to constant weight (105 • C for 24 h). The particle density was determined by the pycnometer method (Flint and Flint 2002) . Soil samples of each horizon were also collected and were air dried, ground and sieved (2 mm mesh) before being analysed to quantify organic carbon and calcium carbonate.
To determine water retention, intact soil samples still retaining field moisture were placed on a water-saturated plate for 24 h to allow slow saturation. Afterwards, they were placed in a pressure chamber; pressures of 10, 30, 100, 500 and 1500 kPa were applied, following Dane and Hopmans (2002) . The samples were then immediately oven-dried at 105 • C for 24 h and then weighed to determine water content. The following van Genuchten (1980) model was fitted to the retention data using the RETC code (van Genuchten et al. 1991) :
where θ is the soil water content (m 3 m -3 ); θ s and θ r are the saturated and residual water contents (m 3 m -3 ), respectively; h is the suction pressure per cm of water; and α and n are the fitting parameters. Total soil carbon (TC) concentration was analysed by dry combustion in a C/N analyser (Leco Model TruSpec C/NMI, USA). Inorganic carbon was quantified as CaCO 3 using the acid neutralization method (van Reeuwijk 2006) . Organic carbon (OC) was calculated using the following formula:
Organic carbon concentration for each wetland was adjusted according to the bulk density to estimate Mg OC ha -1 for each horizon and wetland type.
RESULTS
Vegetation
A total of 116 plant species were recorded across all three study sites. In the forested wetlands, 50% of the species were trees, 3% palms, 8% shrubs, 16% herbs, 20% lianas and creepers and three species could not be assigned to a growth form. For the marshes, 50% were herbaceous species, 35% creepers, 2% trees, 7% shrubs and one undefined growth form. Cienaga swamp (Site C) had the highest species richness (45 species). The highest RIVs (see Table 2 (a)) were found for the trees Pachira aquatica and Pithecellobium latifolium, the palm Attalea liebmannii; the shrub Hasseltia laxiflora; and the creepers and lianas Hippocratea celastroides, Syngonium podophyllum and Dalbergia brownei. Both stands at Estero Dulce swamp were dominated by the tree P. aquatica. The stand that was closer to the river with a total of 27 species (Site A1), showed high RIV values for P. aquatica, Inga vera and Pithecellobium cf recordii; the mangrove vine Rhabdadenia biflora; and the mangrove trees Avicennia germinans and Laguncularia racemosa.
Mean annual salinity values of interstitial water sampled at a depth of 15 cm showed that salinity for Cienaga swamp (Site C) and Boquilla swamp (Site B) varied between 0.24 and 0.80 ppt, whereas at the Estero Dulce swamp (Site A1), mean values were 1.62-1.75 ppt (unpublished data). Therefore, although there is presence of mangroves in Estero Dulce that might indicate some salinity, the value was very low and similar at all sites. The stand at Estero Dulce that was farther from the river (Site A2) also had P. aquatica, Hampea nutricia, Ficus insipida subsp. insipida, and Hasseltia laxiflora, as well as the climbers and lianas Syngonium podophyllum and Hippocratea celastroides. Altogether, there were 23 species at Site A2.
Boquilla swamp (Site B) had a different species composition (species richness was 21 species, Table 2(a)): Ficus insipida subsp. insipida had the highest RIV, followed by the trees Brosimum alicastrum, Annona glabra, Tabebuia rosea and Ficus pertusa; the herb Spathiphyllum cochlearispathum; and the climber Syngonium podophyllum.
The marsh sites had a lower value of species richness than the forested wetland sites ( 
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Water levels
Water levels were measured over 2.5 years for Cienaga marsh (Site G: Boehmeria-Vigna) and for Boquilla swamp (Site B: Ficus-Brosimum-Annona), and show a clear maximum in autumn (August-December, Fig. 2(a) ), although there was an anomaly in Boquilla swamp in 2009, where this peak was not observed. At both sites, the water level begins to rise in July and August and drops toward the end of the year, when the dry season begins. The length of time that the wetlands remained flooded varied across years, and the marsh remained flooded for a longer period than the forested wetland. The Boquilla swamp was drier during the last 1.5 years compared to the first year. Figure 3 (a)-(f) shows 12-and 18-month hydro-periods for the six sites where vegetation was sampled. Data from three water wells at each site are shown, except for Boquilla marsh (Site E: Scleria-Mikania-Ipomoea), where there was only one. The Cienaga marsh (Site G) dominated by Boehmeria and Vigna, showed a slight rise in the water level in April, at the end of the rainy season, and in July, flooding began. By December, the water level started to fall. The water wells in Estero Dulce marsh (Site D: Cyperus-Thalia) showed the same tendency, but with higher variability. One of the water wells showed that the site remained flooded for most of the year, whilst . In both cases, data for three water wells are shown, indicated by different types of lines. Vertical scales differ because of differences in water levels. The lower graph also shows precipitation for the region (mean monthly precipitation for 1970-1996). another reading indicated that the site remained dry. The Boquilla marsh (Site F: Acrostichum-Mikania-Ipomoea-Pontederia) remained flooded throughout the study period, and the water level dropped (from April to June) at the end of the dry season. Rains in 2010 were scarce until July. Data from two water wells showed that the Pachira swamp in Cienaga remained flooded for most of the year, whereas a third water well showed a drop in water level from April to August. Estero Dulce swamp (Site A: Pachira-Syngonium-Hippocratea) showed the same behaviour, but it remained flooded for less time (the water level started rising in July), and the first 30 cm of soil dried out during several weeks. Finally, Boquilla swamp (Site B: Ficus-Brosimum-Annona) was also flooded during the rainy season, but in at least two of the water wells, the water level started rising in August and the first 20 cm of soil remained aerated for several months.
Soil properties
The profile depths in the studied wetlands varied from 0 to 160 cm (Table 3 ). In the morphology of the soil profiles, we observed organic and mineral layers. The thickness of the organic layers was variable, due probably to the water level dynamic and/or microrelief. The organic deposits were generally thicker in Boquilla sedge marsh (Scleria-Mikania-Ipomoea), Cienaga swamp (Pachira-Hippocratea) and Boquilla swamp (Ficus-Brosimum-Annona) compared with the other sites. They consist of layers differentiated by their humification status. In Boquilla marsh sedge, Estero Dulce swamp and Cienaga swamp, the organic materials were hemic type, which consists of moderately decomposed organic layers. While in Boquilla swamp (Ficus-Brosimum-Annona) the organic material is a sapric type, which consists of highly decomposed organic layers. In this site, we found buried tree trunks at 120 cm depth. In the other sites, the organic materials consist of dead and living roots that have accumulated on the soil surface (0-20 cm). Dry bulk density ranged from 0.12 to 1.14 g cm -3 and was, on average, 2.7 times lower in the organic than in the mineral layers (Table 3) . In our study, dry bulk density of organic layers was variable, but typically values fall within the range of other peatland studies, including high-latitude and tropical regions. Total porosity ranged from 43.7 to 91.5% and again, on average, was considerably lower for mineral layers. The porosity of organic layers determined using the dry bulk density and solid density, was found to vary from 83.2-91.5%. Most of the layers described were composed by clay and clay loam materials. Gravimetric water content varied between 0.59 and 7.18 g g -1 , and the highest values were found in organic layers (Table 3) . Organic matter content was important both in marsh and forested wetland soils.
Soil water retention characteristics
Plotted curves allowed visualisation of the shape of water retention curves for marshes and forested wetland soils (Fig. 4) . Water retention curves showed that soils from both wetland types had high water retention capacity. This assertion is supported by the results of Notohadiprawiro (1993) , who mentions that the peat has a high water retention capacity because of its high porosity, over 85%. The results of our study showed that mean values for saturated water content were higher in the two marshes from Boquilla (Site F, Boquilla marsh Acrostichum-Mikania-Ipomoea-Pontederia, 0.99 m 3 m -3 ), and Boquilla sedge marsh (Site E, Scleria-Mikania-Ipomoea, 0.87 m 3 m -3 ), where the organic horizons were dominant ( Fig. 4(a) ). The marshes from Estero Dulce had the lowest saturated water content values (0.71 m 3 m -3 ). However, Boquilla sedge marsh had the highest residual water content (0.20 m 3 m -3 ), which is made up entirely of organic material. The Boquilla marsh (sites E and F) and Estero Dulce marsh (Site D: Cyperus-Thalia) were characterized by the lowest residual water content values, which were close to 0 m 3 m -3 . This coincides with the texture class, which is mainly clay at these sites.
In the forested wetlands, the average saturated water content value was higher in Estero Dulce swamp (Site A: 0.95 m 3 m -3 ) than in Boquilla swamp (Site B: 0.84 m 3 m -3 ) and Cienaga swamp (Site C: 0.74 m 3 m -3 ). The lowest residual water content value was found in Estero Dulce swamp (0.15 cm 3 cm -3 ), followed by Boquilla (0.29 cm 3 cm -3 ) and Cienaga (0.35 cm 3 cm -3 ). The difference between the saturated water content and residual water content values determines the hydraulically active pore space, which, according to our results, were higher for marsh soils (0.79 cm 3 cm -3 ) than for forested wetland soils (0.57 cm 3 cm -3 ). Through the analysis of the courses of the soil suction curves presented in Fig. 4 , it can be stated that marshes (Fig. 4(a) ) give up their water more readily with increasing soil water potential, which is shown by a sharp change of shape of the water retention curve.
The high water retention capacity observed in marshes and forested wetland soils also means that there is more water available for ecological services. To illustrate this point, we calculated the water storage capacity of the studied soils as the product of soil depth (1 m) and total porosity (Fig. 5 ). There was little difference in water storage capacity between marshes and swamps. The average soil water storage ranged from 556 to 834 L m -2 for the forested wetlands to 687 to 880 L m -2 for the marshes.
Soil organic carbon profiles and carbon storage per area
Organic carbon content decreased with depth in both forested and herbaceous wetlands (Fig. 6 ). Soils of Estero Dulce swamp (Site A) had the lowest average organic carbon content (4.19%) within the forested wetlands. Among the marshes, soils of the Boquilla sedge marsh (Site E) had the highest average organic carbon content (24%). There was no clear pattern in carbon concentration between wetlands with different types of vegetation; rather, organic carbon content in the soil of these coastal wetlands varied from site to site. The mean organic carbon content in the forested wetlands was 14.69% and in the marshes was 13.81%. The average carbon storage per unit area was 52 kg m -2 in forested wetlands and 31 kg m -2 in marshes (Fig. 7) ; however, due to the variability among the sites, these values were not significantly different (One Way Anova-SPSS V 16; p = 0.398).
DISCUSSION
All marshes and forested wetlands sampled retained large quantities of water, independently of floristic composition or soil type. Our results suggest that soil water retention in both types of wetlands may be related to the clay and organic matter content of the soils. In most sites layers of both mineral and organic soils were found. The data published by Boelter (1969) and Brandyk et al. (1996) for peat soils indicated that moisture retention characteristics were dependent on the degree of decomposition. In all cases, organic soils contained more water (Table 3) , and a higher degree of humification results in finer particles and, consequently, organic soils had more water at any given tension (Kellner and Halldin 2002) .
Dry bulk density values fall within the range of other temperate and tropical peatland studies and were lower in the organic than in the mineral layers. Päivänen (1973) reported that bulk density varied from 0.04 to 0.20 g cm -3 . Values for Minnesota peats ranged from 0.02 to 0.26 g cm -3 (Boelter 1969) , whilst values for Central Europe ranged from 0.2 to 0.4 g cm -3 (Okruszko 1993 ). Lähteenoja et al. (2009) also reported that dry bulk density ranged from 0.02 to 0.20 g cm -3 in Amazonia tropical peats, and Sayok et al. (2007) reported values from 0.07 to 0.23 g cm -3 for different peat swamp forests in Malaysia. According to Boelter (1969) , bulk density of peat deposits varies depending on the degree of organic substrate decomposition. The range of values for the porosity of organic layers was also consistent with published values for peat soils (Pepin et al. 1992 , Paquet et al. 1993 .
High water retention values were found both in marshes and forested wetlands, regardless of soil type, geomorphological setting, wetland type or species composition. Tay (1969) and Boelter (1969) mention that under natural conditions the water retention of peat soils is very high. For example, Silins and Rothwell (1998) reported that, of all the peat studied, water content at saturation was between 0.94 and 0.98 m 3 m -3 . This means that the organic layers of wetland soils studied have the more favourable conditions for the retention of water, such as high porosity and low bulk density (Table 3) . When the dynamics and hydrology of the wetland allows high enough productivity and adequate conditions for slow decomposition, the resulting organic layer includes vegetation and organic matter embedded, where moisture tends to accumulate, smoothing the dryingwetting cycles. Frangi and Lugo (1985) state that the main driving forces of the floodplain forest are periodic flooding, poor soil aeration, intensive yearround rainfall, and low atmospheric saturation vapour pressure deficits that result in many characteristics typical of lowland rainforests and floodplain wetlands, among them the storage of carbon. In our sites the rainy season is well defined (Fig. 2) , but, as Yetter (2004) showed for a site further south in the same geographical region, groundwater is very important to the regions' wetlands, extending water inputs during the dry season (November-May) from both local and regional flow systems. This helps clarify the flooding periods in Figs 2 and 3 that extend past the rainy season, into the dry season, probably due to the same type of groundwater flows.
Water storage capacity of soil from marshes (687-880 L m -2 ) and swamps (556-834 L m -2 ) did not differ significantly despite differences in growth form dominance, and, hence, probably productivity. Thus the ecological service of soil water storage provided by marshes and swamps was similar. Forested wetlands have been cut down and, because they remain flooded for a shorter period of time, they are usually the first wetlands transformed into inundated pastures (sensu Moreno-Casasola et al. 2009 ). The soil water storage values obtained in this study are comparable with published values in previous work. Notohadiprawiro (1993) found that average soil water storage value was 850 L m -2 (to 1 m depth) for tropical peat. The saturated water content values obtained for forested wetlands in this study are comparable to those measured by Sayok et al. (2007) for swamps in Malaysia. Based on the results presented in Fig. 5 , we can indicate that the thickness of organic layers in the wetlands studied have an important control on soil water storage. The very thick organic layers, especially in Boquilla swamp, Boquilla sedge marsh and Cienaga swamp sites, would store a large amount of water. Noguchi et al. (1997) mention that storage of rain water into the soil contributed to decreasing stormflow production.
On the one hand, floodplains are known to be critical in mitigating flood damage, as they store large quantities of water, effectively reducing the height of flood peaks and the risk of flooding downstream (Zedler and Kercher 2005) . On the other hand, Bullock and Acreman (2003) showed that some wetlands reduce floods and augment low flows, whereas most generate floods and reduce low flows. In analysing 439 reports they found only limited support to the generalized model of flood control, and this was largely confined to floodplain wetlands. Hydraulic properties of marsh and forested wetland soils are fundamental to understanding, quantifying, and evaluating the key soil function in water regulation in this environment. Based on soil water storage capacity results, we assume that marsh and swamp soils act as sponges absorbing up to seven times their weight in water (Table 3 ). The very thick organic layers in Boquilla swamp and sedge marsh and in Cienaga swamp sites store a large amount of water and could probably store water during or after heavy rainfall, therefore reducing runoff and mitigating flood peaks, although this needs further study. Rawls et al. (2003) reported that soil carbon increases moisture content, improving water infiltration, thereby decreasing the amount of water available to leave the land. In a wetland with both higher organic matter and water retention capacity, a large percentage of the precipitation that falls could be retained by the soil and possibly recharge aquifers. The results presented here (Figs 4 and 5) indicate that the soils of the wetlands studied play an important role in hydrological processes, because they act as an aquifer by absorbing and storing water during the rainy season and slowly releasing it during dry periods.
The differences in organic carbon content among sites might be due to different geomorphological characteristics (Table 1) ; e.g. wetlands in Boquilla are depressional, whereas in Estero Dulce and Cienaga, they are floodplain wetlands. Craft and Casey (2000) found higher organic carbon content (10%) in depressional forested wetland soils than in floodplain marsh soils (2.5%) in Georgia.
Mean organic carbon content values were within the range reported for other wetlands. Craft (2007) found a mean organic carbon content of 10.2% in freshwater marshes in Georgia. Hossler and Bouchard (2010) reported organic carbon content in the range of 3-21% in soils of marshes in Ohio, USA. Carbon storage in soils of studied coastal wetlands is higher than in prairie potholes wetlands in North America, and it is also higher than carbon storage in depressional isolated forested wetlands and riverine marshes in Ohio, USA (Table 4 ). Compared with tropical wetlands, carbon storage in forested wetlands and marshes in the coastal plain of Veracruz is higher than in isolated forested wetlands, palm swamps and riverine flow through wetlands in Costa Rica. The values found in this study are similar to carbon storage values reported in mountain peatlands in China and also similar to those described for mangrove swamps soils in Mexico.
The role of wetlands as climate regulators is growing, and their role in sequestering carbon is increasingly recognised (Zedler and Kercher 2005) . In accordance with these results, we suggest that the environmental service of organic soil carbon storage in these coastal tropical freshwater wetlands is very important; therefore, their protection should be a priority. Furthermore, draining and clearing these wetlands would enhance the oxidation of carbon accumulated in the soil, resulting in high fluxes of CO 2 to the atmosphere. Barbier (2008) indicated that benefits (wave attenuation, nursery and breeding functions for commercial marine fisheries) tend to decline with distance from the seaward edge of most coastal wetland habitats, such as mangroves and salt marshes. Ewel (2010) recently brought attention to freshwater forested wetlands, often found just upslope from mangrove forests in both high-and low-rainfall zones, and highlighted how important both wetland types are to each other hydrologically and to local economies. The importance of mangroves is well recognised, but goods and services provided by freshwater wetlands are not nearly so well documented. We believe further research on coastal landscapes, in which freshwater marshes and forested wetlands are important components of the wetland mosaic, will allow better understanding and improved economic valuation of their environmental and economic services.
Coastal wetlands of Veracruz differ in structure, species composition and richness and geomorphological setting. Nevertheless, despite these differences, they all have organic soils layered with mineral soils and possess a considerable ability to retain high levels of water and accumulate organic carbon. Their conservation and restoration should be a goal of society and of the government of Mexico, especially in a region so vulnerable to the effects of climatic extremes.
SUMMARY
Forested and herbaceous freshwater wetlands are frequent in the coastal plains of the Gulf of Mexico. Forested wetlands have been cut down and transformed into pastures more frequently than marshes, because they are less subject to flooding. We studied marshes and forested wetlands in three localities of the coastal plain of Veracruz, in the Gulf of Mexico, to evaluate how they differed in their ability to provide environmental services, namely water retention and organic carbon storage in the soil. In this research we examined vegetation, soils and hydro-period in an effort to evaluate the environmental services provided by freshwater wetland soils. We characterised soils using layer type, texture class, bulk density, water content and porosity and analysed water retention capacity through the soil profile, as well as organic carbon and C/N ratios. Two types of wetlands were compared: marshes and forested wetlands. Vegetation structure and floristic composition were analysed as well as hydro-period and geomorphological setting. The combination of these elements allowed us to interpret in a more integrative way the environmental services tropical freshwater wetland soils can provide.
The three sites were close to one another and each included both marshes and tropical forested wetlands situated upland from the mangrove forest. Vegetation structure and floristic composition showed considerable heterogeneity. Swamps in two of the areas were dominated by Pachira aquatica and Ficus insipida subsp. insipida, respectively. The latter remained flooded for a shorter period of time. Marshes were even more variable, sharing few species, and having high variability in their hydro-periods. The biodiversity present in wetlands, represented by a total of 116 plant species, can be considered another environmental service.
Geomorphological setting influenced both the hydro-period and the predominance of organic layers. In all wetlands organic layered soils predominated. Flooding time was sufficient to allow for the accumulation of organic matter, and only the superficial layers sustained aerobic processes during the dry season. Both marshes and forested swamps had high water retention capacity, allowing them to act as sponges, absorbing up to seven times their weight in water. With higher organic matter and greater water retention capacity than other ecosystems, a greater percentage of the precipitation that falls could be retained by the soil.
Determination of the water holding capacity of the soil in the different strata of the profile showed that both organic and mineral layers were efficiently retaining water, although the former had higher porosity percentages and lower bulk densities with higher water content. Both marshes and forested wetlands retained water in their soils, showing no significant differences. The high productivity and accumulation of biomass made these wetlands an important carbon pool. Soils of both types of wetlands also showed a high organic carbon content.
Hurricanes are the most frequently reported events of all natural disasters, producing devastating floods. Water accumulates from direct precipitation and from runoff and groundwater flow towards coastal areas. Veracruz is a long coastal plain flanked on the west by mountains and has a high incidence of tropical storms and hurricanes. Flood reduction is a very important environmental service for local communities. Nevertheless, lack of information, economic interests, land tenure problems and low capacity to enforce the law are degrading many of its wetlands. In Mexico, most freshwater wetlands are actively used and under different degrees of transformation. Raising cattle is the main activity in wetland areas, frequently coupled with intentional fires. Valuation of environmental services and establishment of governmental policies for their conservation are priorities. Further research is needed to evaluate the changes that these transformations have on water retention capacity and carbon storage in wetland soils.
